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FOREWORD

The methods of task and skill analysis described in this procedural guide
were developed during research in HumRRO Task FORECAST, which is
directed toward developing means for accurately forecasting the training
demands imposed by new electronic weapon systems. )

Methods for forecasting training needs for a guided missile system were
constructed and experimentally evaluated in Subtask FORECAST I. This phase
of the research is described in HumRRO Technical Report 63, Determining
Training Requirements. for Electronic System Maintenance: Development and
Test of a New Method of Skill and Knowledge Analysis, by Edgar L. Shriver,
published in June 1960. The system of analysis was modified and refined in
FORECAST II, in which transfer of training, increased proficiency, and
equipment—minimizing effects of the method were studied. A study of the
application of the FORECAST concepts to equipment other than that on which
the methods were developed was also conducted; and these procedures have
now been incorporated in the IMPROVED NIKE HERCULES HIPAR course
at the Ordnance Guided Missile School in conjunction with FORECAST III.

It is believed that the procedures described herein can serve as a basis
for further implementation or development of this type of analysis by person-
nel working in this technical field.
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Section 1

INCREASING TROUBLE SHOOTING PROFICIENCY
BY MEANS OF THE FORECASY SYSTEMS-ANALYSIS APPROACH

INTRODUCTION

The objective of Task FORECAST of the Human Resources
Research Office is to develop methods for accurately forecasting the
training demands imposed by new electronic weapon systems. Making
forecasts of training programs is not new to the Army. On the contrary,
in the area of radar maintenance it is standard practice. The degree
of accuracy of present forecasts is sufficient for electronic equipments
as they currently exist. But with increasingly complex electronic
systems, it is becoming very difficult to d@ccurately forecast the skills
and knowledges that the maintenance man must have in order to main-
tain these new systems. Task FORECAST is an attempt to provide
methods of improving the accuracy of such forecasting. This manual is
a description of the methods developed in the FORECAST research for
that purpose.

It is recognized that if every repairman could be trained as a grad-
uate engineer, repair proficiency probably would improve. Why should
this be so? It is because an electronic system appears to be completely
unstructured until it is understood in terms of the electronic events that
occur within it.! Once the relation of the parts of a system to its func-
tions is understood, the parts of the system become meaningful. They
can be understood in terms of what they are for and what will happen if
they malfunction. Such understanding enables a repairman to efficiently
maintain and repair the system.

Unfortunately, with existing limitations in training time and human
capabilities, training schools can not produce graduates who have the
desired breadth of understanding of electronics. We can no longer
assume that 30 weeks of electronics tréining will provide the skills and
knowledges required of a repairman for the more complex systems.
After such training, the repairman still does not have at his disposal all
the information that he needs. It appears, then, that improvements in
proficiency must come through increases in the accuracy of identifying
the demands ofa particular job, rather than through an across-the-board

.increase in all engineering skills and knowledges —at least during the
first enlistment. It is this reasoning which suggests that a change in the

'A general description of the functioning and conceptual structure of electronic weapon
systems is given in Appendix A.




traditional forecasting approach is needed, if the proficiency of main-
tenance men is to be increased under present restrictions of time and
human capacities.

It was reasoned that proficiency could be increased within existing
limitations if more pertinent and better organized electronics informa-
tion were made available, by some means, to the maintenance man. It
was reasoned, also, that this information could be obtained by first
arranging the parts of an electronic system on schematic diagrams in
sucha waythat the inherent structure of the system could be more easily
perceived in terms of trouble shooting. The structure could then be
analyzed to determine the skills and knowledges required for the repair-
man to understand and employ it.

The traditional way, mentioned above, is to give the student a broad
training in electronics so that he can use this knowledge to determine
for himself the organization of the system. The FORECAST approach
is to have experts organize the system on schematic and block diagrams,
and teach the student how to use this organization to maintain and
repair the system.

By first structuring the system from the standpoint of maintenance
and then deriving training content in support of that structure, it is
believed that training demands can be determined more accurately. If
these determinations can be made from information about the system
(such as schematic diagrams) available before the system is produced,
the total process can be considered a forecasting tool.

This introduction has sketched the research problem undertaken by
Task FORECAST. It serves also to outline the nature of the solution;
that is, to organize the system rigorously and then determine the train-
ing demands imposed by that organization.

THE TROUBLE SHOOTING PROBLEM

What Is the Job of Army Radar Maintenance?

The job of Army radar maintenance is to accomplish all things
necessary to keep radar systems operating within tolerance limits after
they are owned by the Army. The maintenance job may be defined in
terms of the following subjobs performed by maintenance men: (1) pre-
ventive maintenance, (2) repairs, (3) adjastments, (4) system modifi-
cations, and (5) trouble shooting. These jobs are accomplished with
common and special test equipment.

In general, organizational maintenance is responsible for preventive
maintenance, adjustments, and trouble shonting to the levels of chassis
or tube. In doing this, common test equipment is used. Ordnance main-
tenance is responsible for all the above and, in addition, for trouble
shooting to parts and replacement of parts, effecting repair of the system;
in doing this both common and special (Ord 6) test equipment is used.
Ordnance maintenance is responsible also for modifying systems in
accordance with explicit instructions.

It is generally recognized that preventive maintenance and adjust-
ments involve following rather routine instructions. In a somewhat




similar fashion, using the Ord 6 equipment necessitates following printed
instructions on an Instruction Card (IC). System modifications also
involve the ability to follow instructions in schematic form. Finally,
the replacement of parts needed to complete repairs (after trouble shoot-
ing is accomplished) calls for only a certain amount of manual dexterity
and soldering skill. In fact, the only subjob done by maintenance men
that is not fairly routine is trouble shooting., This includes trouble
shooting to chassis and tubes (organizational), and to parts (ordnance).

It includes also the trouble shooting that must be accomplished when

the routine Ord 6 “IC” does not direct the maintenance man to replace

a specific part—but merely indicates a general area in which the mal-
functioning part must lie.

This manual is concerned primarily with the trouble shooting prob-
lem. This does not mean that the other subjobs of maintenance have
been ignored, but only that the amount of time now devoted to them is
small and their content tends to be relatively routine. Changes in these
subjobs would not have the impact of changes in trouble shooting proce-
dures. Consequently, the FORECAST effort has been mainly directed
toward trouble shooting, and this manual reflects that emphasis. It does
not imply that a training program based on the FORECAST approach
would ignore training in the more routine aspects of maintenance.

Trouble Shooting

The term trouble shooting means identifying the cause of an out-of-
tolerance system output. In electronic equipment it is a process which
involves the successive elimination, by interpretation of symptoms and
measurements, of those parts of the system that are not causing the
trouble. Using the electronics information at his disposal (e.g., signal
flow), the repairman makes a series of deductions which progressively
narrow the source of the malfunction to one or more out-of-tolerance
parts (e.g., resistor, capacitor, cable). Replacement or adjustment of
these parts constitutes repair of the system.

Need for Increased Trouble Shooting Proficiency

Making deductions from symptom information about the condi-
tion of elecironic parts can be very easy or very difficult, depending on
the circuits involved. In some cases these deductions can be so difficult
that even the person who designed the circuit has trouble in accurately
deducing what parts may be defective.

Although Army electronics schools today devote 30 weeks to
radar repair training programs, it is generally recognized that even
this istoo short a time for a repairmanto acquire the fund of electronics
knowledge that would enable him to make all the deductions necessary
for locating all possible malfunctions of a radar system. It is true that
sufficient knowledge for repairing a certain percentage of possible
malfunctions is currently obtained by the repairman during his 30 weeks
of training. The exact percentage is debatable. It is not the aim of
Task FORECAST to provide exact data on this, but rather to develop a
means whereby the graduate repairman can have more pertinent and




better organized electronics information at his disposal, and will thus
be able to maintain a radar system even better than he does today.

Current Concepts of Trouble Shooting Training

Current trouble shooting training is based on the philosophy
that, to trouble shoot a radar system, a repairman should have sufficient
knowledgeto be ableto compute the correctvalue at every possible check
point in the system. As a corollary to this, he should have the knowledge
to enable him to determine the parts of the system that affect the values
at every point.

This philosophy of training prescribes two principal types of
electronics knowledge: basic electronics and system-specific electronics.
The basic electronics deals with general electronics information, includ-
ing general methods for computing circuit values. System-specific
information is concerned with detailed circuit analyses which describe
the theory of how the electrons flow through particular circuitsto achieve
the effects produced by those circuits. This provides a general back-
ground for determining the parts that affect readings at all points in the
system. In addition to this electronics information, repairmen also are
provided with some information on the probabilities that various types
of parts will malfunction. From these knowledges the repairman is
expected to draw the information required to determine which parts in
the system are within tolerance and which are out of tolerance for any
particular malfunction. It is unfortunate, but true, that students cannot
learn enough of this general type of information in 30 weeks to apply it
with maximum effectiveness to the job of system repair.

It is easy to see that this fundamental concept of electronics
training is a desirable goal. And certainly, with sufficiently long train-
ing, enough general engineering electronics could be taught to substan-
tially increase the accuracy of trouble shooting.

However, at the present time course length cannot be extended.
In addition, training program successis somewhat limited bythe aptitude
of the trainees. Even men with intelligence substantially above average
would require much longeT than 30 weeks to learn all the electronics
needed. Finally, there is the practical limitation of the three-year
enlistment period for repairmen.

The FORECAST" goal is to develop an approach that will
increase the amount of pertinent electronics information available for
the trouble shooting process without increasing the amount the repair-
man must memorize during training.

THE FORECAST SYSTEMS-ANALYSIS APPROACH

Organizing the System for Trouble Shooting

The Basic FORECAST Approach

As in the traditional philosophy of training, the FORECAST
approachis concerned with thebody of electronics knowledge from which
trouble shooting deductions are made.

6




The important departure of the FORECAST concept from the
traditional philosophy is in the means of selecting, generating, and
organizing a particular body of knowledge and placing it at the repair-
man’s disposal. It is this specific information which represents a more
accurate estimate of training demands than does the traditional forecast
of broad electronics knowledge. Thus the FORECAST procedures are
unique not in producing a way to forecast, but rather in producing a set
of specifications for forecasting more accurately. In addition to pro-
viding the specifications for selecting, generating, and organizing
electronics knowledge, the FORECAST approach employs, as system
analysts, experienced and especially competent repairmen, who use the
specifications to produce the information needed for the trouble shooting
process. It is by this means that accurate information is placed at
the disposal of the repairman. These two points are the key to the
FORECAST approach.

Let us first consider the question of selecting, generating, and
organizing pertinent electronics knowledge. Of the different kinds of
knowledge required for electronics maintenance, two are of prime
importance: (1) what the measured values at various points in the sys-
tem should be, and (2) what portions of the system affect the values
measured at those points.

This type of knowledge is essential for trouble shooting
because of certain peculiarities of electronic equipment. One peculi-
arity is that the values measured at different places in the system are
affected by a widely varying number of parts. For example, a measure-
ment at one point may be affected by 5,000 individual parts, while a
measurement at another may be affected by only 100 parts, or 10 parts,
or one. This fact makes it possible for a trouble shooter to narrow the
malfunction to a specific part by a series of tests with successively
less generality.

What measurement points must the repairman know about to do
his job effectively? As has been stated, one traditional answer is that he
must have the basic knowledge to determine or compute the correct
value at every possible point in the system. This answer also implies
that the repairmanknows or is able to determine, the parts of the system
that affect the values at every point.

The above answer is traditionally coupled with a trouble shoot-
ing procedure commauly kpown as “signal tracing.” This procedure
makes use of a general trouble shooting logic which states that when a
stage has good signal inputs but one or more bad outputs, then the trouble
must lie somewhere within that stage. This logic seems simple and
straightforward, but its practical value has been limited because, in the
traditional approach, the specific parts contained within the stage are
never identified. It is easily seen that there is no need for this identi-
fication of parts within the traditional training philosophy; the repairman
is expected to use his general and system-specific electronics informa-
tion to deduce for himself what parts belong within each stage, as well
as the value of the stage output. However, as has been pointed out before,
repairmen cannot learn sufficient electronics in 30 weeks to be able to
make all these deductions.




It is because of this limitation that the FORECAST approach
uses certain procedures performed by electronics experts to determine
in advance of any malfunction just what parts can affect a measurement
made at the check point that defines the stage output. It can be estab-
lished that particular parts, and only those parts, can affect a given
reading, and that none of them can affect a measurement made at any
point earlier in the signal flow. Through this analysis, appropriate
check points throughout the system are identified, along with the toler-
ances for the measurement to be taken at each point. This knowledge
allows the simple logic of trouble shooting to be a useful tool for the
repairman. In this way, skills and knowledges appropriate for trouble
shooting are selected and organized into a form that puts more pertinent
information at the disposal of the repairman. The means for doing this
are described in the next section.

In summary,the FORECAST analysis results in an organization
of the system into a series of trouble shooting blocks having the purpose
of making the traditional trouble shooting logic function infallibly—
without error or ambiguity. This is accomplished through bringing the
system and the logic into congruence through the FORECAST process
of system analysis.

Setting the Limits of the Trouble Shooting Block

Trouble shooting logic is appropriately applied to linear chains
in which the signal moves in one direction and can be traced along its
path. However, the signal-flow logic can not be used to identify all
individual malfunctioning parts because the path the signal follows is
affected by auxiliary pathsthat are not directly inthe signal flow. These
auxiliary paths consist of groups of parts or small chaing of parts that
converge to produce desired alterations in the signal flow. A character-
istic of these small chains is that the signal-flow information (measured
at the point of convergence) does not always show which of a number of
converging chains is causing the interruption in signal flow—only that
there is a malfunction in one of them. This characteristic of electronic
systems sets the limits on the boundaries of the blocks, and determines
the point at which system logic can no longer be used. That is, the blocks
aredefined so that the parts that can not be individually identified through
signal flow information are within the block. (This boundary situation
occurs with physical subdivisions generally much smaller than chassis.)

It may appear that block boundaries cannot be rigidly defined
because, with greater knowledge of electronics, more can be deduced
about the specific location of a malfunction from signal-flow information.
However, even with perfect electronics knowledge, a point will be reached
at which a signal reading will be ambiguous because it is produced by
the interaction of a number of parts or chains of parts, each of which
contributes to the signal. The FORECAST concept is that system
‘experts follow certain procedures to determine the point at which signal-
flow information becomes ambiguous. This point marks the limit of the
trouble shooting block. These blocks contain the fewest possible parts,
80 as to keep signal-flow logic applicable as long as possible. Within




the block, another type of measurement will be used to investigate each
of the converging chains independently.

Within-Block Trouble Shoo ting

It has been pointed out that, with the FORECAST approach,
signal-flow information is abandoned at the point where a reading will
be subject to more than one interpretation—always at the edge of a
trouble shooting block. However,the FORECAST approachalso provides
a procedure for selecting and organizing a different type of measure-
ment so that the same type of logic that supports signal-flow analysis
can be applied within the trouble shooting block. That is, the logic is
the same but the elements the logic refers to are changed. Signal-flow
data have been the elements of the logic in the case just considered.
Resistance and/or voltage measurements made at the ends of the con-
verging chains are the elements of the logic within blocks. These
within-block measurements are made just before the chains reach a
common point of convergence. This is possible because of the charac-
teristic of electron tubes that electronically isolates voltages converging
on it while allowing the effects of these voltages to be felt as a common
(signal-flow) output.

Either voltage or resistance measurements can be used in
place of signal-flow measurements for trouble shooting within a block.
If readings are taken at the tube pins—the points at which the parts or
chains of parts typically converge and are attached—a bad reading will
indicate that the parts in the chain attached there should be checked
individually. After thig finding, measurement of each part individually
will identify the particular malfunctioning part within the chain. This
part can then be replaced to repair the system.

There are certain situations in which all readings at the pins
will be correct values. Under this condition the block is checked for
“hidden parts,” that is, parts whose malfunction would not produce an
incorrect resistance or voltage reading at the tube pin but would never-
theless affect the signal at the block check point. To identify the partic-
ular hidden part which is causing the malfunction requires a knowledge
of the nature of circuits that cause certain parts to “hide” or fail to
produce a change in resistance (or voltage) readings at the tube pin to
which they are attached. In the FORECAST procedures, each type of
circuit that contains a hidden part is identified and described. These
circuits are relatively simple—for instance, a resistor in series with a
capacitor, or a high-resistance resistor in parallel with a low-resistance
coil. Once such circuits are defined, students readily learn to recognize
them. This knowledge is similar to that learned in basic electronics
but is taught in the context in which it will be used. _

A final feature of trouble shooting withinblocks involves a short
cut for identifying a part which is in a circuit attached to more than one
tube pin. In this situation, the pin readings at both pins will be out of
tolerance (assuming that this is not a hidden part). When this situation
occurs, examining the schematic diagram will often lead to the identifi-
cation of the common part without measuring each part individually.




This process often requires afew computations of the type made in using
Kirchhoff’'s law.! Therefore, for this short cut, a type of knowledge
found in currentbasic electronics courses must be learned by the trainee
operating within the FORECAST approach to trouble shooting.

Implementation of the Approach

Under the FORECAST system-analysis approach, system experts
following certain guidelines are able to bring to the trouble shooting
process all the experience necessary to determine whether any given
part will affect a measurement at a given point. They are able to devote
unlimited time to making their determinations in advance of system
malfunction. Their thorough analysis, covering every part of the equip-
ment, will ensure that causes of even very infrequent malfunctions
can be located.

These system experts determine analytically what parts can affect
measurements at the selected check points. They verify their determi-
nations on the equipment itself, and initial errors are corrected and
rechecked. (The fact that these electronics experts make many initial
errors in their determinations is evidence both of the difficulty of making
thedeterminations and of the value of having experts make the determina-
tions before the malfunction occurs.) They then mark existing schematic
diagrams to indicate the limits of each group of parts or trouble shoot-
ing blocks in the system; they also stipulate the appropriate check points
and the tolerances of measurements to be made at each point. This
information is used to construct a trouble shooting block diagram.

Use of trouble shooting blocks as support material® in the field
reduces the quantity of electronics data that the repairman must remem-
ber, while actually increasing the amount of electronics information
available for use in the trouble shooting process. The result should be
an increase in trouble shooting proficiency.

FORECAST Research®

One question studied in the FORECAST research was: Does the
repairman need to know the correct values at every possible point in
the system, or would knowledge of values at selected check points be
sufficient? If every part in the system could be represented at one or
another check point, and if measurements taken at these selected check
points would yield information by which the repairman could isolate any
part, then knowledge of correct values at the selected check points could

In electronics, the law that: (a) In any branching network of wires the algebraic sum of the
currents in all the wires that meet in any point is zero. (b) The total electromotive force around a
circuit in which one or more electromotive forces are acting is equal to the sum of the resistances
of its separate parts multiplied each by the strength of the current that flows through it. (After
G.R. Kirchhoff, German physicist.)

*Samples of FORECAST support materials are presented in Appendix B.

*A report of FORECAST research may be found in HumRRO Technical Report 63, Determining
Training Requirements for Electronic System Maintenance: Development and Test of a New Method

of Skill and Knowledge Analysis, by Edgar L. Shriver, June 1960 (Task FORECAST I).




be considered sufficient. The sufficiency of the check points which
emerged from the organization of the M-33 radar system into trouble
shooting blocks was tested and verified by the electronics experts as a
final step in the analysis of the system.

A second question investigated in Task FORECAST was: Can men

of average intelligence learn about this selected set of check points in a

limited time? This question was answered by training a group of stu-

dents inthis subset of knowledges. This procedure produced the answer

that the knowledges could be learned well enough in 12 weeks to enable

experimental students to perform as well as students trained in 30 weeks

to learn all possible points. However, even though the experimental
students did perform as well as the other students, it was clear that
many experimental students had not learned the information as well as
had the experimental students who performed best. Since this was the
case, it is reasonable to assume that longer training periods will lead
to an increase in proficiency of the slower students. That is, with an

increase in training time to the duration now provided (about 30 weeks),

marked improvements can be expected.




Section 2

DETAILS OF FORECAST METHOD: SYSTEM BLOCKING

PURPOSE OF ANALYSIS

The FORECAST maintenance method of electronic system analysis
basically involves arranging the individual parts of the system into groups
of parts termed “trouble shooting blocks.”! Check points are found for
the blocks, and the normal readings on test equipment at these points are
accurately defined. The boundary for each block is drawn on a schematic
diagram of the System so as to enclose all parts which affect the check
point indicationfor that block, For this purpose, FORECAST researchers
have used the type of schematic diagram currently employed in Army
Technical Manuals to describe the system. The schematic diagram, as
well as the trouble shooting blocks, preferably should be made up by the
System analyzer specifically for the maintenance job. When all the
blocks have been determined for a given system, the next step is to
organize them into a trouble shooting block diagram, with each block
showing simply the name of the functional stage or stages included in
that block.?

To understand the details of this method, it is necessary to have a
clear comprehension of what the analysis is designed to accomplish, In
general terms, the analysis is designed to organize all electronic parts
of a system in such a way that symptom and check point information can
be more easily and more accurately interpreted bythe maintenance man.
The basic goal of the analysis is to organize the system from the stand-
point of a trouble shooter, so as to increase his efficiency by increasing
the speed and reliability of the decisions and interpretations he must
make in locating faulty parts.

To accomplish this goal, the parts are examined with respect to
(1) how they will affect the system when they malfunction, (2) where the
effects of these malfunctions will appear on the equipment, and (3) what
these effects will look like at selected check points and on external indi-
cators. As a result of this analysis, the system is organized into a
number of trouble shooting blocks, each containing a small number of
parts. Associated with each block are one or more checkpoints, each so
selected that, if the reading is incorrect at that point and the block inputs
are correct, then the block associated with that check point is-known to

'See general description of electronic weapon systems in Appendix A.
*For a sample block diagram, see Figure B-1, in Appendix B.




contain one or more out-of-tolerance parts.! Groups of blocks in the
same functional signal channel are associated with external-indicator
symptom information which can then be used to indicate that a block

within that channel contains & malfunction,

A number of pointsg should be remembered with respect to the
above description. In the first place, the organization is made in terms
of trouble shooting. It is not based directly on the way the system
functions, or the way it is physically packaged—for example, into chas-
sis and Cabinets—although these factors do somewhat affect the final
form of the analysis. Rather, the organization ig made to facilitate
locating a malfunction. Such an organization obviously serves a very
practical purpose and therefore, as will be pointed out further along,
the analysis must consider many practical things, such as the type of
test equipment available to the trouble shooter and the accessgibility of
check points.

Next, the purpose of the analysis is to increase the proficiency
and efficiency of maintenance personnel, Thus, the analysis not only
entails grouping parts so that they can easily be checked, but also
involves determining the Symptoms and check point indications that will
tell whether certain groups of parts are functioning properly. In addi-
tion, all the materials, training techniques, and skills and knowledges
which comprise the FORECAST training program are directed toward
helping the repairman to use the organized results of the analysis
most effectively,

Finally, the maintenance analysis is directly concerned with the
problems the repairman encounters while attempting to select and inter-
pret symptoms and check point information. It is generally agreed that
these skills are the most difficult for the repairman to acquire. For
eéxample, some of the things which a repairman must now do while
locating a malfunction are:

(1) Interpret Symptom information in terms of the area of the
system in which the malfunction(s) is located,

(2) Select check points at which reliable information can be
obtained regarding the “goodness” of the parts associated
with that point.

(3) Determine what parts are being checked at a particular
check point, )

(4) Determine what the correct reading should be ata particular
check point.

*At any particular check point, the selection of the type of measurement to make —voltage,
wave form, frequency, or some other—is based on considerations of the circuit make-up and the
critical aspects of the check point reading. For most circuits there js one type of measurement
which is most appropriate, but even this is often no mare than 95 per cent reliable. This
reliability problem is currently being studied by the National Bureay of Standards Fault Location
Measurement Techniques (NBS Project 0106-20-01416). To date their studies indicate that
typical electronic stages can be checked with some type of single measurement with a reliability
of 90 to 95 per cent. Thus, for a complete checkout of the circuitry, two or more types of
measurements are usually needed.
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With the FORECAST method, the above decisions and interpretations
are made by skilled analysts; in a sense, the system is “pre-trouble-
shot.” By organizingthe system intotrouble shooting blocks, the relation
of check points to specific blocks is predetermined, as are the correct
readings thatshould appear at these points. In addition, groups of blocks
are associated with symptom information sothat the repairman can easily
learn to interpret this information in terms of which blocks might con-
tain the trouble. Finally, during conferences and practical exercises,
the repairman can be taught the most efficient selection of check points
for isolating malfunctions within each area of the system,

The reader is probably aware that organizing a system into blocks
for the purpose of increasing trouble shooting proficiency, as well as
for understanding system functioning, is not exactly a new procedure.
With respect to chassis, such an organization now exists, That is, each
chassis in a system usually produces only a few outputs that, when found
to be correct, indicate that the chassis is functioning properly. This
organization of parts into a chassis, along with the use of chassis-output
information to evaluate the condition of the chassis, forms the basis for
current training in system trouble shooting,

At present, there is no attempt to employ this type of organization
or the principles of system trouble shooting to parts within a chassis.
The FORECAST staff found that this could be done. In actuality,

a chassis often consists of a series of functional stages which could,
with a proper basis for subdivision, be packaged as subchassis or
modules. Inthe form of block-diagrams, Task FORECAST researchers
have performed this type of packaging, on paper, and have found it to be
of great aid to the trouble shooter. In effect, the FORECAST analysis
results in the arrangement of an electronic system into modular form
for trouble shooting. The remaining aspects of the analysis involve the
determination of what information and materials are needed to support
and use this organization most efficiently.

DEFINITIONAL PROBLEMS

What Is a Trouble Shooting Block ?

The nature of a trouble shootingblock has been described in general
terms. The following sections describe more fully the characteristics
and uses of such blocks, '

A trouble shooting block consists of a fairly small group of parts
which has one or more well-defined inputs and outputs., The relation of
the block to its parts is such that, when all block inputs are good and one
or more block outputs are bad, the malfunction(s) must, in all probabil-
ity,! be produced by one or more of the parts located within the block.

Trouble shootingblocks are conceptually similar to “functional stages”
in an electronic system but are different in that the relation of the block
parts to the block outputs has been rigorously defined., In addition, a
trouble shooting block may sometimes contain more than one stage.

'See footnote on page 13.
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These blocks are used in two ways, They are used as conceptual
devices for promoting a thorough understanding of a system which they
comprise. In this respect they are similar to stage block diagrams.
They are also used, by themselves, as trouble shooting aids, and are
designed to provide the maintenance man witha reliable means of rapidly
trouble shooting to a small area of the equipment. Blocks used for
trouble shooting can be designed on the basis of where they are to be
used—on site or in the maintenance shop.

Why Should Block Inputs and Outputs Be Well Defined ?

To isolate a malfunction to one block, that block with good input(s)
but with bad output(s) must be found. To do this the repairman must be
able to discriminate accurately between “good” and “bad” signals.

There are many factors whichaffect signal discriminability. Among
them are the sensitivity of the testing instrument, the degree to which
the critical features of a “good” signal are distinctively different from
those of a “bad” signal, and the degree to which the measurement is
masked by other signals at the same measurement point.

Discriminating between a good and a bad signal can involve such
things as detecting smallchanges in signalamplitude or signalrise-time,
Changes such as these are relatively difficult to distinguish. Thus, the
critical features of the signal have to be defined accurately, and the
repairman’s attention directed toward them, One way of handling this
discrimination problem is to attempt to design blocks and select check
points so that the measured signals are maximally discriminable in
terms of “good” or “bad” (“go” or “no go”).

A special problem is presented whenthe output of ablock is masked
by signals from other blocks. This can occur when the outputs of two
blocks each feed into a third block at the same point. Usually this point
is the best place to measure the output of both blocks. However, to
obtain measurements that are readily discriminable, something must be
done to the system to remove the unwanted signals. Many times, pulling
a tube in the block whose output you do not want to measure will unmask
the signal of the other block. In other instances,the system may have to
be placedin a certain mode of operation to eliminate the unwanted signal
at the common check point. Such practical procedures for obtaining good
signal measurements will be discussed at length in this manual.

Why Should the Relation Between a Block and
Tts Parts Be’Well Defined?

The basic trouble shooting procedure is the successive elimination,
by interpretation of measurement information, of those parts of the sys-
tem that are not causing the trouble. Eventually the trouble shooter is
left with one or more out-of-tolerance parts which are repaired by
adjustment or replacement. For this procedure, the repairman must be
able to accurately interpret check point information in terms of what
parts produce the signal at any given point. Such interpretations can
involve much time~-consuming thought, and, unless the repairman is
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unusually knowledgeable in electronics, he may easily make errors of
interpretation., With well-defined blocks, the time spent in interpreting
check point information can be markedly reduced and the accuracy of
the interpretations greatly increased.

With the blocks predefined, the repairman does not have to deter-
mine for himself what parts he has checked at a particular point. This
will have been done already by expert electronic system analysts who
have indicated their determinations by enclosing the parts within blocks
on the schematic diagrams. Then, when the repairman, by signal checks,
locates the block that contains the malfunction, he can g0 to the sche-
matic diagram of that block and readily determine what parts comprise
it. Within-block trouble shooting procedures can then be employed to
trouble shoot the small group of parts within that block,

Why Are Blocks Designed Differently Depending on the
Locale of Trouble Shootiﬂg ?.

The use of blocks in trouble shooting entails checking block inputs
and outputs, and interpreting these measurements. Various pieces of
test equipment, sensitive enough to adequately check out the block, are
required. In addition, the check points must be accessible. Test equip-
ment availability and check point accessibility will differ, depending
on whether the trouble shooting is being performed on site or at the
maintenance shop,

"On-site trouble shooting involves the use of common portable test
equipment; at the maintenance shop, permanently installed and, in
general, more sensitive and more accurate test equipment is available,
In addition, on-site trouble shooting is usually performed with the chas-
sis in the system and with the normal operating inputs applied to the
chassis. When the chassis is mounted in the system, there are some
check points which may not be accessible because of their physical
position. At the maintenance shop, special equipment is used to apply
chassis inputs, and the chassis can be placed so that almost all possible
check points are accessible. Finally, it may be that the special input
signals required to completely check and adjust the chassis are not
readily available on site; they usually are available at the maintenance
shop. Thus, blocks can be designed differently, depending upon the
availability of test equipment and chassis inputs, and the accessibility
of check points. The blocks we will discuss were designed for on-site
trouble shooting.

KNOWLEDGE REQUIRED OF A SYSTEM ANALYST

A system analyst should be highly knowledgeable in electronics and
should be particularly familiar with the type of electronic system he is
about to analyze. Specifically, he must be able to examine schematic
diagrams and determine what parts affect measurements at various
check points. He should be thoroughly familiar with the practical aspects
of troukle shooting, as it is these practical aspects which determine the
final configuration of the trouble shooting blocks.
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Obviously, at some point the analyst should gain a thorough under-
standing of the system he is analyzing. This information is difficult to
obtain before the analysis begins, but the FORECAST staff has found
the following general procedure adequate for acquiring the necessary
information for system analysis.

The over=-all function of the system, including its theory and opera-
tion, is reviewed and clarified. A channel of the system is selected and
analyzed into blocks; then a second channel is selected and blocked. In
most cases blocking will not proceed very far without additional infor-
mation. The manufacturers’ preproduction publications andlike sources
are examined, and the information gleaned is applied to the analysis. In
practice, the system is organized into blocks until further progress is not
possible. The technical handbooks or the system itselfis then consulted
for more information. By this process, tentative blocks are created,
then revised on the basis of additional information, and then checked for
accuracy. This blocking by successive approximation eventually pro-
duces both final authentication of the trouble shooting block diagram for
the system and a thorough understanding of the system by the analysts.

ANALYSIS OF R/C COUPLED AMPLIFIERS

The Relation of Parts to Block Outputs

Figure 1 contains a schematic diagram of an R/C coupled amplifier
(less heater circuitry), plus a few parts in the next stage of the signal
chain., This schematic diagram can be used to demonstrate many of the
principles of dividing the system into trouble shooting blocks. The
analysis of Block A of Figure 1 is considered first,andis then reviewed
for the purpose of interpreting some of the principles and assumptions
used in establishing the trouble shooting blocks.

Tube V1 andits associated parts form a stage of amplification whose
output is coupled through capacitor C4, developed across resistor R6,
and applied to the control grid of V2. This V1 stage has only one signal
output that is applied to V2 at its grid. Thus, the output check point for
Block A canbe selected at the grid of V2. The signal at this point is not
DC; therefore, it can be assumed that an oscilloscope will be the meas-
uring instrument used at this check point, The question now is, what
parts affect the reading at this point ?

“Common” Part. First consider C4. Assuming that C4 is open,
what will that do to the signal at V2? It will block its passage from V1,
the reading at the grid of V2 will be incorrect, and therefore C4 appears
to belong in Block A. Remember that any part that affects the output of
a block must be located within that block.

Now assume that C4 shorts. When this occurs, the AC signal
will be passed and will appear at V2. It appears, then, that a shorted
C4 will not affect the AC signal output of Block A. However, it is known
that when C4 shorts, the plate voltage of V1 will be applied to the grid
of V2. This will cause a bad output to appear at the output check point
for Block B. (Remember, it is assumed that an oscilloscope is used to
check Block A.) The oscilloscope will not detect the presence of DC
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voltage—only of AC voltage. Therefore, if C4 is shorted, the reading
at the grid of V2 will appear to be correct; that is, a shorted C4 will not
seem to affect the output signal, It appears, then, that there are reasons
for associating C4 with both Block A and Block B. This can be done by
labeling C4 a “common part,” as it can affect the output either of
Blocks A and B, or of Block B alone, depending on how it malfunctions.
The placement of grid resistor R6 into Block A requires some

comment. The control grid of V2 has been designated as the output
check point for Block A. This means that R6 should affect the output of -
Block A as measured at the check point. Clearly, if R6 shorts, the out-
put will be bad. What if R6 opens? In this case, also, the output of
Block A will be bad. This isbecause R6 normallyhas a value low enough
to load the previous circuitry. Therefore, when it opens, it unloads the
circuitry and will produce a bad signalat the grid of V2. It ig important
to note that R6 is a variable resistor. Therefore,the value of this resis-
tor can be so high that it does not heavily load the previous circuitry.
Under this condition, when the grid resistor opens, it is doubtful whether
the effect on the signal appearing at the grid of V2 would be noticeable.
If the resistor shorted, it would still affect the output. Thus, R6 should
be labeled “common” because it would affect the check point reading of
either Block A or Block B depending upon its adjusted value.

The Effect of “Shorted” Partgs. When capacitors short, DC voltage
is usually applied to some parts that do not normally have this voltage
applied to them. When analyzing the possible effects of this occurrence,
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the effects of the increased current that flows through these parts due
to the short must be considered. The question usually asked is whether
the wattage of the parts is highenough to withstand the additional current.

In Figure 1, when C4 shorts, the current flowing through R6 will
increase and this could cause R6 to burn out. If so, the result would be
a bad signal appearing at the grid of V2. If R6 is a high-wattage resis-
tor, this probably would not happen and the AC signal at the grid of V2
would appear correct. It is then seen that the assignment of C4 depends
on whether a shorted C4 would cause R6 to burn out. If it would, C4
would be assigned to Block A because the output for Block A would be
incorrect regardless of how C4 malfunctioned; if R6 would not burn out,
then C4 would be labeled a common part.

Whether R6 does or does not open as a result of C4 shorting,
the plate voltage of V1 will be applied to the control grid of V2, This
relatively high positive voltage will cause V2 to conduct heavily and to
draw grid current. Thus, damage can result to the tube itself, the plate
load resistors R8, R2, and R5, and/or the grid biasing resistor R7,
depending on their relative abilities to withstand current overload. A
first approximation as to which of these items will fail can be obtained
by calculating the dissipated power per part when the plate voltage from
V1 is applied to the control grid of V2. The published characteristics
for V2 would be used to make this determination, A simpler technique
is to assume that the entire B+ voltage is dropped across the voltage
divider consisting of R5, R8, and R7. By computing the voltage distri-
bution, it is possible to estimate whetherthe ratings arebeing exceeded.
If they are, then one or more of the resistors will fail, If it is conclu-
ded that these parts will fail, then they must be placed in Block A. If
they appear to be able to stand the load, they can be placed in Block B.
Fortunately, it appears that most resistors have high enough ratings so
that they can withstand the increased current that may result from a
shorted capacitor., It should be noted, however, that even if R5, R7, and
R8 can withstand the load, tube V2 will ultimately fail.

Parts That Directly Affect Two or More Blocks. In Figure 1, resis-
tor R5 is located within Block A. Although this part directly affects two
blocks, it is not labeled a common part, for the following reason:
According to the FORECAST trouble shooting rules, the repairman
system trouble shoots until a block is found with good signal inputs and
one or more bad signal outputs. If R5 were to open or short, the output
of both Block A and Block B would be directly affected. The repairman,
however, should deduce that the trouble lies in Block A because thig
block has a good signal input. Resistor R5 should therefore be assigned
to Block A.

Check Point Accessibility vs. Size of Block

Inthe introduction to this section if was statedthat the size of blocks
should be kept to a minimum. This reduces the number of parts that
must be checked by more time-consuming chassis trouble shooting pro-
cedures. Also, block size varies widely because of other blocking and
practical trouble shooting considerations. Suppose, for example, that




Chassis I in Figure 1 were encased so that the tube pins were not acces-
sible, and the chassis so arrangedin the system that tube adapters could
not be used. Obviously, the output of Block A would not be accessgible,
Thus, Blocks A and B would have to be combined into one block.

A more typical case is where tube pins are accessible through the
use of tube adapters. In these instances blocking can be arranged as
in Figure 1,

Review of Some Principles of Blocking

The above discussion contains many points that need to be explained
in more detail.

(1) Blocking involves the determination of what parts affect the
reading at a particular point. The analysis began with a general descrip-
tion of the signal flow through a stage, then quickly arrived at a point
where the output of that stage might be measured. First, a tentative
check point must be selected; notice, also, that the check point at a tube
pin was selected. This wasdone because check points must be accessible,
To meet this requirement, it is best to select built-in check points, at
the ends of cables or at tube pins.

(2) Assumptions regarding test equipment play an important
role in the FORECAST type of block&g. In general, a measurement is
made with an oscilloscope or a voltmeter. The use of either one of these
instruments places restrictions on the measurements that can be made
at a given point. Usually, an oscilloscope will be usedto measure signal
flow. This device does not detect DC voltage; therefore, the analysis
must be made in terms of whether defective parts will affect AC or DC
readings. The use of an oscilloscope means that most coupling capaci-
tors will be designated as common parts because these parts, if shorted,
will not affect the AC reading at one check point but will cause a bad
AC reading to appear at the check point for the next block.

(3) Deali‘n&with shorted parts can be particularly troublesome
because a determination must be made regarding the effect of increased
current on other parts in the circuit. If these parts can not withstand
the increased current, then they must be placed in the block containing
the part that originally shorted. Fortunately, design engineers seem to
have anticipated this problem, as many resistors have wattage ratings
high enough to withstand loads due to shorted capacitors.

(4) The general principle regarding the treatment of common
parts is fairly clear-cut. When a part affects the output either of
Blocks A and B, or of Block B, depending on how it malfunctions, it is
called a “common part.” On the other hand, if a part directly affects
the output of more than one block, regardless of how if malfunctions, it
is assigned to the first block in the signal chain which it affects.

Treatment of Power Input

Throughout this section, signal inputs and outputs will be discussed,
but it is also known that chassis can have power inputs. How do we
determine that these inputs are good? That determination is not directly
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accomplishedthrough blocking considerations. For example, in Figure 1
the parts were analyzed in terms of their effect on signal flow. Resistor
R5, which is part of the power input, can affect the signal output of
Block A. Therefore, if the signal input to Block A is good but the output
is bad, then we must consider the possibility that R5 is bad. In addition,
we should checkthe power input to Block A before checking the individual
parts. This can be done either by built-in meters or by checking the

Bt input to Block A. The important point to remember is that the sys-
tem is analyzed primarily in terms of signal flow, and, when trouble
shooting, the repairmanfirst reduces the trouble to a block whose signal
inputs are good but whose signal outputs are bad. The next trouble
shooting step, before removing the chassis from the system, is to check
the power inputit to that block.

The Determination of “Best” Soluiions

By now the reader is probably aware that few simple and clear-cut
rules can be written regarding the FORECAST techniques of blocking.
At certain points,the analyst, using the general blocking guidelines, must
also use his own best judgment, the goal being to organize parts of the
system so that interpretations regarding their functioning can be made
with a high degree of reliability. The following discussion of the R/C
coupled amplifier demonstrates one prccedure for arriving at a
“best” solution.

Figures 2 and 3 are schematic diagrams of a hypothetical R/C
coupled amplifier. The amplifier has been divided into trouble shooting
blocks in two different ways. The reasoning which went into blocking
Figure 2 will be discussed first.

The check point for Block A has been located at point G, the acces-
sible grid terminal of V2. Now we must decide where to make the “cut”
between blocks. As shown,the block boundaries cut the chassis intotwo
blocks, placing both C and R in Block A. The problem is, should these
two parts be unequivocally locatedin Block A? To consider this problem,
assume that certain types of malfunctions occur in parts C and R, and
determine the effect of these troubles as viewed at check point G. Let
us assume that R normally does not load V1,

Assume first that R shorts. Clearly, if R is shorted, then the
signal at check point G would be incorrect. Since G has been designated
as the check point for Block A, a bad signal here means that we should
expect the faulty part to be either in Block A or in some block before
Block A, but not in Block B or a succeeding block. We know that the
bad part is R, and it is indeed in Block A. Hence, R correctly belongs
in Block A as regards its effect on the measurement at G when R
has shorted.

Now assume that R opens. Since we have assumed that R does not
load V1, the measurement at G would appear correct. Therefore, we-
have a good check point reading for a block that contains a faulty part.
This indicatesthatpart R does not belong exclusively in Block A, because
it produces different effects depending on how it fails. Therefore, it
should be designated a common part.
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Now apply the above procedures of analysis to capacitor C in
Figure 2. Assume first that the capacitor shorts. When C shorts, the
signal appearing at point G should remain unaffected, because the signal
is AC in nature andthe AC continuesto appear properly at G. Of course,
the DC plate voltage is coupled to the grid of V2. However, if the meas-
uring instrument is an oscilloscope that is not DC-~coupled, and if the
instrument can stand the value of the plate voltage, then the signal will
be observedas correctat the grid of V2. In this instance we have a good
check point signal for a block that contains a faulty part. On the other
hand, if the capacitor opens, the check point signal will appear as incor-
rect. Again, we have the conditions which necessitate classifying a part
as common to more than one block.

Based on the above considerations we can conclude that, with block-
ing as shown in Figure 2, both R and C are common parts. This
conclusion may be modified by probability considerations. That is, we
may consider the blocking solution with respect to the likelihood that
resistor R will short, as compared with how likely R is to open. If we
conclude that R is most likely to open and that shorting will be a rare
occurrence, then, in the event that R does not load V1, we can place R
with V2 in Block B. This assumes that, when R opens, it will affect the
output of V2, even if it won't affect the V1 output. If we assume that R
does in fact load V1, then we may without hesitation place it in Block A,
as, regardless of how it fails, it will affect the signal at point G,

Consider now the R/C amplifier blocked as shown in Figure 3.
Here the output check point for Block A' is located at point P, and parts
C and R are located in Block B'. Assume that R does not load V1.
Again, the problem is to determine what effect shorting and opening the
parts will have on the signal appearing at check point P.

In Figure 3, if R shorts, then the measurement made at P will be
incorrect because point P. will be grounded AC'wise through part C. If
R opens, its effect would not be noticed at check point P. This means
that part R should be called a common part. Now assume that part C
shorts. This has no effect on the signal reading appearing at point P.

If C opens, and R does not load V1, then the signal at point P will appear
correct. Thus, part C appears to be properly located in Block B.

By making use of probability information regarding the way parts
usually malfunction we reach the conclusion that R should be placed in
Block B, since it is unlikely that R will short, and it is only when R
shorts that it would affect the signal at point P. With these probability
considerations, there need be no common parts in the blocking of
Figure 3. On the other hand, if we find that R loads V1, then, if R fails
by opening, it will affect the measurement at P, and therefore should be
a common part. For the same reason, when C opens, the effect will be
seen at point P.

Figure 4 is a tabulatien of the results developed above, The three
blocks are shaded to call attention to the fact that those particular condi-
tions determine that the part must be jabeled common. As can be seen,
there is no exact solution to this blocking problem. The best solution
seems to be to make C common all the time and perhaps R also, unless
the details of the specific circuits can permit the unequivocal assignment
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How Malfunctions of Parts Affect Measurements at Check Points

Check Point

Part Measurement

Shorted ) Open
Figure 2 R Bad Reading Good Reading
Block A
Check Point at G C Good Reading Bad Reading

Figure 3 R Bad Reading Good Reading
Block A!
Check Point at P C Good Reading Goad Reading

:] Conditions under which blocking logic would be violated unless ports were made common
to both blocks

Figure 4

| of a part to one or another block. Itis evident that there is an ambiguous
| boundary between the blocks in Figures 2 and 3. The specific circuitry
| helps to clarify the ambiguity, but there is no ironclad rule for assign-
ing the parts that comprise the boundary.
k Instead of labeling C common all the time, DC levels can be meas~
ured as well as AC signals. If the test oscilloscope were set up to ¥
| measure DC, then the plate voltage appearing at the grid of a tube as the
result of a shorted coupling capacitor would cause the signal at the tube
grid tobedisplaced by a large DC level, This trouble shooting procedure
would require the repairman to set his scope attenuation properly, so as
to account forthe possibility of measuring plate voltages at the tube grid.
If plate voltage existed at this point, it might be so large in comparison

to the AC signal that the signal would be unobservable when the DC
trace was shown,
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